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While temperature has great influence on the de- 
velopment of rust in these experiments there are other 
influences which affect the results. 

The purity of the metal determines to  a great 
extent the rate and  amount of corrosion. This is 
definitely indicated in my experiments. Of the im- 
purities in steel, manganese seems to  have the greatest 
influence on the rate of corrosion. My experiments 
are not exhaustive enough to  warrant any sweeping 
conclusions regarding the influence of manganese, but  
as far as they go they strongly indicate that  this ele- 
ment is an  accelerator of corrosion. This is by no 
means new. For years, metallurgists and other 
scientists have held the opinion that  manganese is 
the chief instigator of corrosion. Of this, however, 
there can be no doubt: the w o r e  it 
will resist corrosion. I believe I am justified in drawing 
this conclusion from my experiments. Indeed i t  
follows directly from the electrolytic theory of cor- 
rosion, and the great majority of scientists hold this 
opinion. 

Friend’s apparatus is an  ingenious device for investi- 
gating the corrosion of iron and steel in a pure elec- 
trolyte, e.  g., water containing only dissolved air, free 
from all traces of acids or bases. Since corrosion in 
a pure electrolyte is very probably the true starting 
point, much can be learned b y  using this apparatus. 
The conditions of the experiment are ideal since only 
the three substances concerned-iron, air and wa,ter- 
are brought in contact; no soluble matter coming 
from glass vitiates the experiment. 

S o  theory ever advanced to  explain the corrosion 
o f  iron has been so satisfactory as the “electrolytic” 
theory, announced by  Dr. Whitney, and so ably 
championed by Drs. Walker and Cushman. Practi- 
cally all known facts connected with corrosion are 
explained in the light of this theory. The “acid” 
theory explains many phenomena of corrosion, bu t  
i t  is narrow in its application and, after all, is only 
a special case under the general electrolytic theory. 
When carbonic acid enters the pure water electrolyte, 
i t  greatly increases the number of hydrogen ions, and, 
in addition, pollutes the electrolyte with CO, ions. 
The solution pressure of the metal is thus greatly 
increased and corrosion is accelerated. 

Acids are only accelerators of corrosion. They 
are not the cause. The true ‘starting point of cor- 
rosion is the solubility of iron in pure water, its elec- 
trolytic solution pressure. This property was given 
iron by nature, and with all our controversy we cannot 
take away that  which nature gave. 

The purer the 

G E S E R4 L C 0 N CL U S I O  ?i S . 
I .  Part  I of each experiment confirms Friend’s 

statement that  iron or steel will  7zot rust in pure water 
and air combined. The failure 01 the wzetals to rust, 
hoz,evcr,  uras sittirely d u e  to temperature cofiditiotzs awd 
to yapidly clha?zgiutg pure water. 

2. Expts. No. I ,  2 ,  3, 6 and 8, Part  2 ,  prove con- 
clusively that  pure iron or steel wi l l  rust in pure water 
and air combined, provided the temperature of the 
metal and pure mater is not below 2 2 ’  C. ,  and pro- 

vided the same water remains for a sufficient time on 
the metals. 

3. Exp. No. 4 ,  Part  2 ,  proves that  rust is developed 
rapidly if the temperature of the metals and pure 
water is about j 5 O C. 

4. Expts. Nos. 5 ,  7 and 9 ,  Par t  2 ,  prove that  still 
further increase in temperature results in a decided 
increase in the rate of corrosion. 

j .  Exp. No. I O ,  Part  2 ,  demonstrates that  the 
same pure water may remain on the metal for an in- 
definite period, and no rusting takes place, provided 
the temperature of water and metal is sufficiently  lo^. 

6. With my modification of Friend’s apparatus, 
equally good results are obtained by using either 
barium hydroxide, or potassium hydroxide. Barium 
hydroxide is to be preferred since i t  is not as liable 
to  render the metal passive. 

7.  I n  general, pure iron or steel will rust in pure 
water and air combined, free from all traces of acids. 
The amount of rust produced is a function of the 
temperature and of the purity of the iron. 

8. The “acid” theory of corrosion is untenable. 
9.  All phenomena observed in these experiments 

are in perfect harmony with the electrolytic theory. 
IO.  The electrolytic theory of corrosion is further 

confirmed by these experiments. 

THE RELATIVE CORROSION OF IRON AND STEEL PIPE AS 
FOUND I N  SERVICE.’ 
By WILLIAM H. WALKER. 
Received February 5 ,  1912. 

There are few subjects relating to  the corrosion of 
metals which have received so much attention, or 
around which there has centered so spirited a dis- 
cussion, as the relative merits of iron (meaning thereby 
wrought iron) and steel. The fact that  this matter 
is one still receiving attention, notmithstanding the 
great volume of accumulated and available literature, 
is due to  a number of causes, among which may be 
mentioned: First, that  although the words “iron” 
and “steel” carry with them a definite idea as to  general 
methods of manufacture and some of the more easily 
discernible properties, they convey no idea as t o  stand- 
ards of value. I t  is possible to  make very poor 
iron and very good steel, and i t  is just as possible to  
make the reverse. Hence when an investigator 
compared the corrosion of a poor iron with a good 
steel, he obtained results which favored steel ; when 
the material under study was the reverse, iron w a s  
shown to be the more resistant metal. Second. 
there is a woful lack of uniformity of conditions 
obtaining in many, if not most of the experiments 
which have been carried on for the purpose of com- 
paring resistance to  corrosion. Some specimens were 
large, some small; some cleaned of scale, others not; 
some immersed in deep water, others in shallow water;  
etc., etc. The corrosion of iron is so sensitive to  chang- 
ing conditions of surface, oxygen concentration, salts 
in solution, and the like, that  only when the most 
careful preparation is made to  maintain all conditions 

1 hbstract of a paper read before the New England \Vater  TYorks 
Association, Dec. 13, 1911. 



constant, is a comparative test of value. We will 
not discuss these conditions here, but  take pleasure 
in referring the reader t o  that  most excellent book 
on <,The Corrosion of Iron” by Dr. J. Sewton Friend,I 
where a complete treatment of the general subject 
will be found. Third, many times opinions are formed 
and expressed by- the casual observer which fail t o  
take into consideration not only the fundamental 
conditions necessary to  accurate comparative work, 
but  also less obvious conditions which make a com- 
parison unreliable. For example, a person may 
notice the rapid rusting of a cheap grade of steel 
\\-ire fencing which had originally but  a wash of zinc 
as a substitute for galvanizing, and thus become 
suspicious of the durability of all steel. Or he may 
notice holes in a metal roof put up in place of a material 
known to have lasted a much longer time than the 
new roof. He concludes that  the latter is of less 
value without having any knowledge of the change 
of conditions in the locality, class of metal and the 
thickness of the new roof, nature and thickness of the 
galvanizing or other protective coating and so forth. 

Owing to  the proverbial conservatism of New 
England the introduction of steel pipe has been 
slower in this territory than in other parts of the 
country. There is a tendency to  pronounce any pipe 
which withstands corrosion as being wrought iron, 
while the fact that  a pipe corrodes easily is con- 
sidered by many proof in itself that  i t  is steel. 

To determine what the facts actually are in regard 
to  the relative life of service pipes which have been 
in constant use for a number of years throughout 
New England, an  investigation was undertaken in 
which i t  was proposed to  seek out instances where 
steel and iron pipe had been used together in the same 
system; and further, where the two kinds of metal 
were separated in this system only by a coupling. 
Any influence which the coupling might have would 
be present equally with the iron and with the steel, 
while conditions of oxygen concentration, temperature, 
pressure, flow of water or steam, etc., would be as 
nearly identical for the two kinds of metal as it is 
possible to  obtain. I t  was intended also to  collect 
in this way material of known resistance or tendency 
to  corrosion, in order t o  further test the applicability 
or truthfulness of the so-called “acid corrosion test ,” 
While the majority of the  pipe so obtained was from 
hot and cold water feed systems, enough were selected 
from live and exhaust steam lines, hot water and 
steam heating systems, etc., to  make the conclusions 
drawn of general application. The investigation was 
necessarily tedious in that  each pipe had to  be examined 
to  determine whether it was of iron or steel, and many 
instances were found that  would have served our 
purpose well, but where it was impossible to  remove 
the pipes from the system. The pipes were sent to  
the laboratory where they were each split lengthwise 
into two halves and carefully cleaned from scale and 
rust by soaking in an  ammonium citrate solution, 
with an  occasional brushing. In  this way the scale 

“The Corrosion of Iron and Steel,” by J. Newton Friend. Longmans, 
Green & Co , New York. 

and rust were removed without dissolving any of the 
iron. An estimation of the extent of corrosion was 
made by measuring with a micrometer gauge the ten 
deepest pits per unit distance of length. I give the 
measurement of those samples of pipe nhich were 
rusted to  practical destruction, that  is, where either the 
iron or the steel showed pits over one tenth of an inch 
in depth. 

Depth of plttirig 

Mean of ten Deepest Least of ten 
deepest pits. pit. deepest pits. 

Sample number. Inches. Inches. Inches. 
0.102 0. I34 0.085 \V- 1 0-Iron 

IV-11-Steel 0.075 0.095 0.067 
\V’-22--Iron 0.114 0.160 0 068 
W-23-Steel 0.075 0.107 0.042 

TT‘-24--Iron 0.139 0.168 0.109 
IV-25-Steel 0.140 0.204 0.076 

X-15-Iron 0.077 0.101 * 0.069 
X-16-S teel 0.040 0.047 0.034 

X-29-Iron 0.042 0.060 0.030 
X-30-Steel 0.066 0.103 0.042 

X-49-Iron 0.077 0.113 0.049 
X-SO-Steel 0,071 0.122 0.040 

X 57-Iron 0.038 0.110 0.012 
X - 5 8-S t eel 0.026 0.053 0.012 

X-69-Iron 0.113 0.159 0.032 
X-70-S teel 0,119 0.177 0.095 

X-71-Iron 0.115 0.169 0.063 
X-72-Steel 0.075 0.156 0.042 

The resultsare a splendid vindication, also,of the prin- 
ciple that  if oxygen be excluded from water, no corrosion 
will take place. When the water in the lines examined 
was stagnant, as in fire sprinkler system for buildings, 
or in lines where the water was circulated over and 
over again without exposure to the air, as in some 
hot water heating systems, no corrosion was to  be 
observed. On the other hand where fresh water was 
constantly added to  the system, and heated within 
the system, corrosion was very rapid and in some 
cases excessive. 

We were able to  get sixty-four comparisons of iron 
and steel where the history of the installation was 
known. 
Comparison where iron was found more cor- 

Comparison where steel was found more corroded 

Comparison where steel and iron were equally 

The results are as follows: 

roded than steel . ,  . . . . . . . . . . . . . . . . . . . . . . . .  20 

than iron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

corroded. 9 . . . . . . . . . . .  . . . . .  
Comparison where corrosion was neg 1 7  

These results again demonstrate tha t  taken O I L  the 
average there is no difference in the corrosion of iron 
and steel pipe. Conversations held with the engineers 
in charge of plants during this investigation confirm 
the statement already made that  a pipe is frequently 
called steel when corrosion is found to  be excessive, 
while it is set down as iron if i t  rusts but  little. 

In  order to  get some measurement of the influence 
of oxygen in the water of the modern hot water supply 
system a relatively large scale experiment was carried 
on a t  the plant of the Walworth bIfg Co. in South 
Boston. Two coils made up from pieces taken from 
the same length of pipe were each fed with water 
from the same source a t  the same temperature. In  
one case the water was heated to  85’ C. in an  o p e n  
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tank,  while in the other the water was heated to  the 
same temperature in a closed tank. The feed water 
contained on the average 5.85 cc. of oxygen per liter, 
and passed through each coil a t  the rate of one half 
gallon per minute. After running 1750 hours the 
coil fed with water heated in an  open tank had lost 
2 2  grams, while the coil fed with water heated in a 
closed tank had lost 15s grams. I n  neither case 
was the oxygen completely removed; if the water in 
the open tank had been gently boiled, corrosion in 
the coil fed with this water would have been entirely 
prevented. 

I n  order to show what relation may exist between 
the so-called acid corrosion test and the real corrosion 
as  found in service, eleven pairs of iron and steel were 
selected and subjected to 2 0  per cent. sulfuric acid 
for four hours a t  room temperature. Four pairs 
were selected in which the steel was decidedly better 
than the iron in service, four in which the iron had 
shown decidedly better than the steel, and three in 
which there was no difference between the two metals. 

In  six instances the relative corrosion as shown 
by the sulfuric acid test corresponded with the corrosion 
as  found in service. In  five instances corrosion as 
shown by  the acid test was exactly contrary to  that  
found in service. Although the greatest care was taken 
to have the specimens of the same size, cleaned in 
the same way, and in the same physical condition, 
the results show that  no reliance can be placed in this 
accelerated acid test, but  tha t  i t  may be entirely er- 
roneous and very misleading. Not only did the acid 
test not agree with service test when steel was com- 
Pared with iron, but  the steels failed to  agree among 
themselves, and the irons showed no agreement when 
considered by themselves. 

I wish to express my appreciation of the work of 
Messrs. James J .  Wilson and Francis Worcester, as- 
sistants in the laboratory, without whose aid this 
investigation could not have been made. 

RESEARCH LABORATORY O F  APPLIED CHEYISTRY, 
MASS. INST. OF TECHNOLOGY, 

BOSTON, 1912. 

DESCRIPTION OF THE EXPLOSION TEST AT THE EXPERI- 
MENTAL MINE OF THE UNITED STATES BUREAU OF 

MINES, FEBRUARY 24, 1912.' 
B y  GEORGE S. RICB. 

Received March 1 1 ,  1912. 

On the morning of the 24th of February, 1912, 
there was conducted at the Experimental Mine, near 
Bruceton, Pa., the 14th and last of the first series of 
such explosion tests. 

The mine consists of a pair of entries in the Pitts- 
burgh seam, about 750 feet long from the outcrop 
opening to  the face. These entries are connected 
by three cross-cuts; in the first of these from the mine 
mouth, was a reinforced concrete stopping, the be- 
havior of which in the explosion was one of the points 
of interest, since the stopping was built of a known 
strength, I O O  to  150 pounds to the square inch. The 
second cross-cut had a 15-foot sand bag stopping 
supported by a timber frame. The third cross-cut 

1 Printed by permission of the Director, United States Bureau of Mines. 

was allowed to remain open so that  the ventilating 
currents could pass through it. The fan was located 
a t  the end of an  external 120-foot steel galley leading 
into a passageway lined with reinforced concrete 
which in turn entered the air course of the pair of 
entries above described. The fan a t  the time of the 
explosion acted as a blowing-fan: the air entering 
the air course passed to the last cross-cut, then into 
the main entry, thence returning on the main entry 
to  the outside. The outer 2 0 0  feet of this entry is 
lined with reinforced concrete. For recording pres- 
sures, the velocity of the pressure wave, and the velocity 
of the flame wave, instruments were placed a t  stations 
I O O  feet apart. The wiring connecting the stations 
is intricate, there being 34 separate wires in the 
cable which led from the face of the mine through 
the different stations to  the outside, and thence to  
the bomb-proof observatory which contains some of the 
recording instruments. This is also the control 
or firing station. The entries or passageways are 
about 7 feet high and 8 to  9 feet wide, the usual di- 
mensions in mines in the Pittsburgh bed. 

The principal object was to  determine how and why 
coal dust explodes, in order tha t  means for prevention 
and limitation might be suggested from the experi- 
ments and tried out subsequently. For the purpose 
of understanding the nature of coal dust explosions 
and for the comparison of different remedies, instru- 
ments were provided, as without instruments i t  would 
not be known whether the checking or prevention 
of the dust explosion was a matter of accident or 
otherwise. I n  order to obtain consistent results, 
the coal dust employed in the tests had to be of known 
kind and size and distributed evenly. To accomplish 
such distribution, shelving three inches wide was 
placed along the walls with the coal dust on these. 
In  the test of February 24th, one pound per linear foot 
of entry was used on the shelving with one pound per 
linear foot on the floor of the entry. I n  the previous 
public demonstration and explosion on October 3 I ,  

1911, one pound per linear foot had been used on 
shelves, but none on the floor. I n  other words, in 
the explosion of February 24th, double the quantity 
was used. 

The real consideration in loading was the amount 
per cubic foot of space, since a limiting influence 
in any explosion is the quantity of oxygen available 
for the combustion. If the coal dust is completely 
burned, only 12/1ooths of an ounce is required to  
use up all the oxygen in a cubic foot of air. AS a 
matter of fact, there is rarely complete combustion; 
usually there is a considerable amount of fixed carbon 
not consumed. The gases distilled from the coal are 
thus chiefly brought into play. When the loading 
is two pounds per linear foot there is about 64/1ooths 
of an  ounce of dust per cubic foot of air or five times 
that  which is theoretically necessary t o  use up all 
of the oxygen. 

The coal dust loading in the main entry extended 
from the mouth to the face. The loading was also 
continued through the last cross-cut into the air course 
and out same for 2 0 0  feet. At this point there was 


